1. Introduction {#sec1}
===============

Sulfated polysaccharides are polyanionic macromolecules that exist throughout nature. The structures and bioactivities of these polysaccharides are influenced by their origin and the extraction techniques. Their capacity to interact with cells and physiological proteins provides them a wide variety of bioactivities, such as anticoagulant, antithrombotic, anti-inflammatory, antioxidant, immunostimulatory, and antitumor properties. Thus, they potentially have many useful therapeutic and pharmaceutical applications.^[@ref1]−[@ref10]^

Marine organisms are valuable, yet underexploited sources of sulfated polysaccharides with novel chemical structures and activities. These marine polysaccharides are much safer biomolecules than their terrestrial mammals counterparts,^[@ref11]^ which may be linked to their potential to cause infection.^[@ref12]^ Many studies have extracted sulfated polysaccharides with high anticoagulant activities from marine organisms. These studies aimed at finding an alternative anticoagulant to heparin, which is a sulfated polysaccharide of the family of glycosaminoglycans (GAGs).^[@ref13]^ Alternatives to heparin are desirable for several reasons. For example, certain religious groups are reluctant to use heparin as it is acquired from pig intestines and bovine lungs. Moreover, heparin has been linked to some fatal diseases. Recently, Liu et al. reported that thrombocytopenia-induced heparin represents a high mortality risk in critical COVID-19 patients treated with heparin.^[@ref14]^ These disadvantages have encouraged researchers to find safer and more effective alternatives.^[@ref3],[@ref15],[@ref16]^

Marine natural polysaccharides with potent anticoagulant activities have been previously isolated from algae,^[@ref17],[@ref18]^ fishes,^[@ref12],[@ref19],[@ref20]^ and marine invertebrates including sea cucumbers^[@ref21],[@ref22]^ and clams.^[@ref3]^ However, the extraction of sulfated polysaccharides from sea hares has thus far received little attention from scientists and researchers working in the area of marine natural products.^[@ref23]^ The sea hare *Bursatella leachii* is a marine opisthobranch gastropod mollusk belonging to the Aplysiidae family.^[@ref24],[@ref25]^ It emerged as an invasive species in the Mediterranean Sea in the mid-1900s.^[@ref24],[@ref26],[@ref27]^

Compounds with an anti-HIV activity and antimalarial properties have been isolated from the purple fluid^[@ref28]^ and the internal organs of *B. leachii*, respectively.^[@ref29]^ Braga et al. was interested in the nutritional profile of *B. leachii* and suggested many potential biotechnological applications in different economic fields.^[@ref24]^ To date, limited research has focused on bioactive molecules from *B. leachii*. In the current study, we extract for the first time a sulfated polysaccharide from *B. leachii* viscera. We carry out a physicochemical characterization using several techniques including elemental analysis, Fourier-transform infrared spectroscopy (FTIR), solid-state nuclear magnetic resonance (NMR), and high-performance liquid chromatography (HPLC) coupled with mass spectrometry (HLPC--MS). Finally, we study the anticoagulant activity in vitro using classical coagulation assays which show a heparin-like activity and thus could be used for medical application after.

2. Results and Discussion {#sec2}
=========================

2.1. Extraction of Polysaccharide from *B. leachii* {#sec2.1}
---------------------------------------------------

We used papain hydrolysis to extract polysaccharides from marine organisms, which is a safe and cheap technique that neither pollutes the environment nor produces organic residues.^[@ref30]^ We extracted the polysaccharide fraction from the viscera of the sea hare *B. leachii* by enzymatic digestion. We designated the crude polysaccharide that we acquired after dialysis and lyophilization as *B. leachii* viscera polysaccharides (BLVP). The yield of the polysaccharide fraction extracted from *B. leachii* viscera was 3%, which was higher than that obtained from fish viscera of Nile tilapia (0.18%) and pacu (0.15%).^[@ref20]^ In a previous study, Song et al. yielded crude polysaccharide from scallop viscera by papain digestion of approximately 1%.^[@ref31]^ The yield of the current extraction is lower than those obtained from sea cucumber viscera (4.9%)^[@ref30]^ and viscera of squid (4.2%).^[@ref32]^

2.2. Elemental Analysis {#sec2.2}
-----------------------

The elemental analysis of the sea hare polysaccharide gave the following composition: 23.45% carbon, 4.59% hydrogen, 46.95% oxygen, 8.21% sulfur, and 2.26% nitrogen ([Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}). The molar ratio of C, H, N, and S (acquired for the polysaccharide extracted from sea hare) was similar to the composition and element ratio of GAGs.^[@ref33]^ A comparable molar ratio of C, H, and O was obtained for polysaccharides extracted from seaweed.^[@ref34]^ Liu et al. extracted a novel polysaccharide from *Angelica sinensis* with mass fractions of C, H, O, S, and N of 39.11, 5.65, 54.23, 0.42, and 0.59%, respectively (Liu et al. 2019).^[@ref96]^ The presence of nitrogen and sulfur indicates the presence of hexosamine and sulfate groups.^[@ref35],[@ref36]^ The percentage of sulfur indicates a high amount of sulfate groups and a high degree of substitution (DS) (0.788) in the polysaccharide extracted.

2.3. Colorimetric Assays {#sec2.3}
------------------------

The cellulose-acetate electropherogram revealed a single band migrating near the chondroitin sulfate (CS) standard ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}). The polysaccharides extracted contain a high amount of sulfate (28.42%), which was similar to the amount determined by sulfur analysis (26.45%; [Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}), a high amount of uronic acid (21.83%; [Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}) and a low amount of protein 0.058%.

![Acetate cellulose electrophoresis of the polysaccharide extract (BLVP). Standard GAGs (hyaluronic acid, dermatan sulfate, and CS) (track 1) and BLVP (track 2). The arrow indicates the electrophoretic direction.](ao0c01724_0001){#fig1}

###### Elemental Analysis of Polysaccharide Extract

         N (%)      C (%)      H (%)      S (%)      O (%)     DS[a](#t1fn1){ref-type="table-fn"}
  ------ ---------- ---------- ---------- ---------- --------- ------------------------------------
  BLPV   2.264035   23.45542   4.597269   8.215622   46.9532   0.788087

The DS was calculated according to the formula: DS = 2.25 × % S/% C.^[@ref37],[@ref38]^

###### Chemical Composition of BLVP

         yield (%)   uronic acid (%)   sulfate (%)                                    protein (%)                                    
  ------ ----------- ----------------- ---------------------------------------------- ---------------------------------------------- ---------------
  BLVP   3.1         21.83 ± 6.46      28.42 ± 7.93[a](#t2fn1){ref-type="table-fn"}   26.45 ± 0.64[b](#t2fn2){ref-type="table-fn"}   0.058 ± 0.063

Sulfate content determined by turbidimetry.

Sulfate content calculated from sulfur percent according to the formula: sulfate group = 3.22 × S %.^[@ref39]^

2.4. Molecular Weight Determination by Gel Permeation Chromatography--Refractive Index Detector {#sec2.4}
-----------------------------------------------------------------------------------------------

We estimated the molecular weights of the crude polysaccharide extract BLVP using gel permeation chromatography--refractive index detector (GPC--RID), using Dextran standard for the calibration curve. The results revealed that BLVP consisted of two fractions with high specific average molecular weights of 639,256 and 17,387 g/mol, thus showing that the crude polysaccharide extracted was heterogeneous. These polysaccharides have higher molecular weights than those extracted from other marine invertebrates.

2.5. FT-IR Analysis {#sec2.5}
-------------------

As shown in [Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}, we assessed BLVP between 4000 and 600 cm^--1^ to identify the presence of specific functional groups. The absorption bands obtained in the spectrum are typical for extracted sulfated polysaccharides.^[@ref12],[@ref40]^ The presence of hydroxyl groups and C--H of a sugar ring was evidenced by the absorption bands at 3373 and 2923 cm^--1^, respectively.^[@ref34]^ The signals at 1004, 1027, and 1144 cm^--1^ confirmed the presence of acidic cycles, which correlated with the vibrations of C--O--C, C--OH, and C--C, respectively.^[@ref41]^ The spectrum showed an intense peak at 1609 cm^--1^, which we attributed to the C=O of uronic acids.^[@ref30],[@ref31]^ The C--N stretching and the N--H vibration absorptions were evidenced by the signal at 1410 and 1547 cm^--1^, respectively, indicating the presence of *N*-acetyl-[d]{.smallcaps}-galactosamine.^[@ref30],[@ref42]^ This absorbance band confirmed the existence of sulfates in the polysaccharide extracted at 1215, 814, and 574 cm^--1^.^[@ref30],[@ref41]−[@ref47]^ The absorption at 1215 cm^--1^ was assigned to the asymmetric stretching of S=O, and the bands at 814 cm^--1^ were linked to the C--O--S symmetric stretching of the axial sulfate on C-4, which may represent the occurrence of 4-O-sulfated GalNAc. Absorbance at 574 cm^--1^ was attributed to the stretching vibration of S--O.^[@ref30],[@ref40]^ The results obtained confirmed that the polysaccharide extracted was substituted by sulfate esters.^[@ref30],[@ref43]^ Thus, we determined that BLVP contains a specific characteristic band and has a chemical structure similar to the structural features of GAGs,^[@ref42]^ suggesting that BLVP is a GAG-like sulfated polysaccharide.

![FT-IR spectrum of the sulfated polysaccharide extracted from *B. leachii* viscera.](ao0c01724_0002){#fig2}

2.6. Solid-State NMR {#sec2.6}
--------------------

NMR is a versatile analytical tool that has been used extensively for molecular identification and for determining the chemical composition of natural products.^[@ref48]−[@ref53]^ NMR is also a quantitative tool that can elucidate the structural features and probe the molecular dynamics^[@ref54]−[@ref59]^ of polysaccharides^[@ref60],[@ref61]^ and sulfated polysaccharides^[@ref62]−[@ref66]^ because these samples can be analyzed in a solid, dehydrated form.^[@ref34]^ This technique uses high-resolution ^13^C solid-state NMR by magic-angle-spinning (MAS) and the intensity of solid ^13^C signals using the cross-polarization (CP) technology.^[@ref30],[@ref67],[@ref68]^

As shown in [Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"} and [Table [3](#tbl3){ref-type="other"}](#tbl3){ref-type="other"}, the ^13^C NMR spectra reveal signals between 90 and 105 ppm that have several peaks characteristic of anomeric carbons.^[@ref63],[@ref69]^ The signal at 101.87 ppm was assigned to C1 of *N* acetyl galactosamine and could be assigned to GlcA-GalNAc4S and/or GlcA-GalNAc6S.^[@ref42]^ The signals in the region 60--80 ppm were linked to chemical shifts of carbon in the glycosylic ring.^[@ref70]^ The signal at 57.29 ppm was attributed to C-2 of *N* acetyl hexosamine and the presence of the amino group.^[@ref71]^ The signal at 175.18 ppm was assigned to the carboxyl group present in glucuronic acids,^[@ref63]^ and the signal at 22.97 ppm was characteristic of methyl carbon of the *N*-acetyl group.^[@ref30]^ Signals at 30.53 ppm are because of impurities, persisting proteins, and/or lipids.^[@ref60]^ The ^13^C NMR spectra obtained were similar to those obtained for natural CS, where all signals were found between 50 and 110 ppm, excluding those of carbonyl and acetamido methyl carbons.^[@ref72]−[@ref74]^

![^13^C-MAS NMR spectra of sulfated polysaccharide-extracted BLVP.](ao0c01724_0003){#fig3}

###### ^13^C Chemical Shifts of Sulfated Polysaccharide-Extracted BLVP

  ^13^C chemical shifts (ppm)   assignments                         references
  ----------------------------- ----------------------------------- ------------------------------
  175.18                        carboxyl group of acid glucuronic   ([@ref63],[@ref75],[@ref76])
  101.87                        C1 of *N* acetyl hexosamine         ([@ref42])
  98.09                         anomeric carbon                     ([@ref63],[@ref69],[@ref77])
  69.45--75.93                  osidic CH2--O and CH--O groups      ([@ref63],[@ref70])
  53.23--57.29                  C2 of *N* acetyl hexosamine         ([@ref69],[@ref71])
  30.53                         impurities                          ([@ref60])
  22.97                         CH3                                 ([@ref30],[@ref78])

2.7. Direct Analysis by ESI-MS, MALDI-MS, and HPLC--MS {#sec2.7}
------------------------------------------------------

In general, it is necessary to perform hydrolysis of the entire polysaccharide extract to identify the monosaccharide type of molecules. [Figures [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"} and [5](#fig5){ref-type="fig"} revealed the presence of identical small-molecular ions such as at *m*/*z* 180.5, 243.1, and 349.1. Moreover, *m*/*z* 180.5 detected in the matrix-assisted laser desorption time-of-flight mass spectrometry (MALDI-TOF-MS) experiment can be assigned to hexosamine isomers without the acetyl group (C~6~H~14~O~5~N). Hence, a repeating unit of 162 Da (C~6~H~10~O~5~) is also observed which reveal the presence of glucose derivatives. Hence, HPLC coupled to a high-resolution mass spectrometer was achieved to identify and extract accurately masses of present monosaccharide ions. Following the hydrolysis of BLVP with TFA, we carried out HPLC--MS analysis. Data treatment was performed using Xcalibur software. HPLC--MS analysis of hydrolyzed BLVP revealed the presence of sodiated O-linked glycan derivatives separated by a unit at 162 amu. *m*/*z* 244.07880 (C~8~H~15~O~6~NNa), *m*/*z* 203.05250 (C~6~H~12~O~6~Na), *m*/*z* 365.10528 (C~12~H~22~O1~1~Na), *m*/*z* 527.15790 (C~18~H~32~O~16~Na), *m*/*z* 851.26595 (C~30~H~52~O~26~Na), and *m*/*z* 1013.31942 (C~36~H~62~O~31~Na) ([Table [4](#tbl4){ref-type="other"}](#tbl4){ref-type="other"}). Moreover, [Figure [6](#fig6){ref-type="fig"}](#fig6){ref-type="fig"} revealed the presence of sodiated *N*-acetylhexosamine (C~8~H~15~O~6~NNa) at *m*/*z* 244. 07880 (RT: 2.5 min), which could as well indicate the presence of *N*-acetylgalactosamine. The analytes containing sulfate groups were not seen specifically because its labile O-sulfo groups could fragment during the ionization.^[@ref79]^ Interestingly, the presence of the disaccharide of glucuronic acid and *N*-acetylhexosamine are indicators of GAGs^[@ref80]−[@ref82]^ ([Table [4](#tbl4){ref-type="other"}](#tbl4){ref-type="other"}). Compared to the result of electrophoresis that showed that BLVP migrate as far as CS standard, we suggest that the extracted polysaccharide is a GAG-like molecule that contains CS.

![Direct infusion full-scan MS of the hydrolyzed polysaccharide extract using ESI^+^ and DP 50 V.](ao0c01724_0004){#fig4}

![MALDI MS (Ve+) of the hydrolyzed polysaccharide extract.](ao0c01724_0005){#fig5}

![(a) Extracted MS chromatogram of sodiated *N*-acetylhexosamine (RT: 2.56 min) detected (b) at *m*/*z* 244.07880 (C~8~H~15~O~6~NNa).](ao0c01724_0006){#fig6}

###### Glucose Derivatives Found during HPLC--MS Analysis

  *m*/*z*    chemical formula     name                                       error (ppm)
  ---------- -------------------- ------------------------------------------ -------------
  202.0684   C~6~H~13~O~5~NNa     hexosamine isomers                         0.93
  203.0525   C~6~H~12~O~5~Na      glucose                                    0.5
  244.0788   C~8~H~15~O~6~NNa     *N*-acetylhexosamine                       1.5
  365.1053   C~12~H~22~O~11~Na    glucose dimer                              0.4
  420.1106   C~14~H~23~O~12~NNa   acid glucuronic and *N*-acetylhexosamine   3.1
  527.1579   C~18~H~32~O~16~Na    glucose trimer                             0.7
  689.2105   C~24~H~42~O~21~Na    glucose tetramer                           0.9
  851.266    C~30~H~52~O~26~Na    glucose pentamer                           2.4
  1013.319   C~36~H~62~O~31~Na    glucose hexamer                            2.6

2.8. Anticoagulant Activity {#sec2.8}
---------------------------

We studied the anticoagulant activity of the extracted BLVP in vitro using the activated partial thromboplastin time (aPTT) and thrombin time (TT) techniques. All measurements were carried out in triplicate, and results were expressed as the mean standard deviation and analyzed using the ANOVA test. As shown in [Figure [7](#fig7){ref-type="fig"}](#fig7){ref-type="fig"}, the sulfated polysaccharide-extracted BLVP dose-dependently prolonged the clotting times in various coagulation tests. The prolongation of the aPTT ([Figure [7](#fig7){ref-type="fig"}](#fig7){ref-type="fig"}A) and TT ([Figure [7](#fig7){ref-type="fig"}](#fig7){ref-type="fig"}B) indicates that BLVP inhibits intrinsic and common coagulation pathways. Interestingly, aPTT and TT were considerably prolonged by the *B. leachii* polysaccharide at concentrations at or higher than 5 μg/mL, and the maximum prolongation of coagulation times was reached with a concentration of 50 μg/mL for aPTT and 10 μg/mL for TT. Moreover, BLVP prolonged aPTT and TT more effectively than the sodium heparin standard. TT prolonged twice as long in the presence of 5 μg/mL of *B. leachii* polysaccharide, and aPTT prolonged 4.5-fold with the addition of 25 μg/mL of BLVP. We found that the anticoagulant activity of the *B. leachii* polysaccharide was higher than other sulfated polysaccharides of marine origin.^[@ref12],[@ref31],[@ref83]^ For instance, Song et al. extracted anticoagulant polysaccharides from *Patinopecten yessoensis* viscera, and these polysaccharides extended aPTT and TT threefold with the addition of 200 and 1000 μg/mL, respectively. This in vitro anticoagulant may depend on the high sulfate group content^[@ref15],[@ref84]−[@ref86]^ and high molecular weights^[@ref16],[@ref87],[@ref88]^ and suggests an antithrombotic activity in vivo.

![Anticoagulant activity analysis of sulfated polysaccharide-extracted BLVP. (A) aPTT and (B) TT. aPTT and TT for control were 33.3 ± 1.8 and 15.4 ± 1.2 s, respectively, and sodium heparin was used as the standard (\*\**p* \< 0.01).](ao0c01724_0007){#fig7}

To the best of our knowledge, this research presents the first report for the isolation of an anticoagulant compound from the sea hare *B. leachii*. We propose that this extract potentially useful as a drug candidate could be utilized in anticoagulant treatment. However, further investigation should be carried out to study the mechanism of anticoagulant activity and the study of their effects on platelet activation and aggregation.

3. Conclusions {#sec3}
==============

In this study, we extracted an active and potent anticoagulant compound, BLVP, from *B. leachii* viscera. Several analytical approaches including elemental analysis, FTIR, NMR, and HPLC--MS analysis showed that the extract (BLVP) has a similar chemical structure to that of GAG. The result showed that the BLVP extract possess inhibiting properties for both intrinsic and common coagulation pathways, even more effectively than the sodium heparin standard. This enhanced anticoagulant activity is related to the high degree of sulfation and the high molecular weight of BLVP. These findings will initiate further study of the use of BLVP in medical applications. Further investigations should be carried out to study the mechanism of the anticoagulant activity of the new extracted sulfated polysaccharide.

4. Experimental Section {#sec4}
=======================

4.1. Raw Materials and Polysaccharide Extraction {#sec4.1}
------------------------------------------------

*B. leachii* was collected from the Mediterranean Sea (Tunisian coast) and rinsed many times with water to eliminate contaminants. The viscera of *B. leachii* were washed, dried, and ground to powder. The viscera was then defatted with organic solvents and dried to obtain the alcohol-insoluble substances. The polysaccharide was isolated, as described in ref ([@ref12]). Dried powder (1 g) was dissolved in 25 mL of 0.1 mol/L sodium acetate buffer (pH 6), containing 5.0 mmol/L ethylenediaminetetraacetic acid and 5.0 mmol/L cysteine. The proteolysis was carried out using 100 mg of papain for 24 h at 60 °C. The polyanionic polysaccharides, liberated and recuperated by centrifugation, were precipitated with 0.4% (w/v) of cationic detergent cetyltrimethylammonium bromide, centrifuged, and finally dissolved in NaCl solution prepared in ethanol (100:15, v/v). The polysaccharide was precipitated with ethanol and then recuperated by centrifugation for 15 min at 5000 rpm at 4 °C. The crude polysaccharide, BLVP, was obtained after pellet dissolution, dialysis with deionized water, and lyophilization.

4.2. Cellulose Acetate Electrophoresis {#sec4.2}
--------------------------------------

Cellulose acetate electrophoresis was used to evaluate the purity of the BLVP. The BLVP (2 μL) solution or standard GAGs were placed at the origin of the cellulose acetate membrane. The separation was performed at 200 V at room temperature in zinc-acetate buffer 0.1 M, pH 6. The electropherogram was stained by alcian blue after 1 h of migration.^[@ref89]^

4.3. Elemental Analysis {#sec4.3}
-----------------------

The organic elemental analyzer OEA Flash 2000 by Thermo Scientific was used to estimate the molar ratio of carbon, hydrogen, nitrogen, and sulfur in BLVP. The DS and the sulfate content were calculated using the following^[@ref37]−[@ref39]^

4.4. Chemical Composition Analysis {#sec4.4}
----------------------------------

Following the procedure outlined by Dodgson and Price,^[@ref90]^ the amount of sulfate was assessed by turbidimetry. The amount of uronic acid was determined by the carbazole reaction.^[@ref91]^ The protein content was calculated by the Bradford test using bovine serum albumin as the standard.^[@ref92]^

4.5. Molecular Weight Determination by GPC--RID {#sec4.5}
-----------------------------------------------

The polysaccharide-extracted BLVP molecular weight was assessed by GPC with an Agilent 1200 series system and a RID. Two columns connected in series Agilent PL aqua gel-OH 60 and 30 (8 μm) were used for the separation. Milli-Q water was used as the mobile phase at 1 mL/min. The RID was calibrated with Dextran standards solution (MW (g/mol): 1,400,000, 150,000, 250,000, 10,000, and 1000). The polysaccharide extract BLVP (3 mg ) was solubilized in 1 mL water, and then, 100 μL was injected for analysis.^[@ref93]^

4.6. FT-IR Analysis {#sec4.6}
-------------------

Nicolet FTIR iS10 spectrometer (Thermo Fisher Scientific) was used to measure infrared vibrations of the studied compounds in the solid form. OMNIC Specta software was used for data treatment. The BLVP solid extract was mixed with KBr, pressed, and then analyzed with the FT-IR spectrometer with scanning between 400 and 4000 cm^--1^.

4.7. NMR Spectroscopy {#sec4.7}
---------------------

The solid-state ^13^C NMR spectrum was recorded using the WB Bruker 400 AVANCE III spectrometer equipped with a 4 mm double-resonance CP MAS Bruker Probe (Bruker BioSpin, Rheinstetten, Germany). The spectrum was recorded at room temperature using a cp pulse program from Bruker pulse library with a recycling delay time of 5 s.^[@ref67],[@ref78],[@ref94]^ Bruker TopSpin 3.5pl7 software was used to collect and process spectra.

4.8. Hydrolysis of Polysaccharide {#sec4.8}
---------------------------------

BLVP (20 mg) was dissolved with 2 mL TFA (4 mol/L). The mixture was sonicated in a bath at 60 °C for 24 h and then centrifuged at 6000 rpm for 10 min after ambient temperature cooling. The dried sample obtained after supernatant evaporation was used for HPLC MS analysis.^[@ref95]^

4.9. High-Performance Liquid Chromatography Mass Spectrometry {#sec4.9}
-------------------------------------------------------------

The separation of the extracted polysaccharide was performed using an Epic Polar Industries column, 5 μm, 4.6 × 150 mm. A gradient composed of water/acetonitrile was used to achieve the separation. The composition of the mobile phase solvents was as following: A: 99.9% water + 0.1% formic acid and B: 100% acetonitrile. The injection volume was 10 μL for each analyte (water blank; caffeine was used as quality control), and the flow rate was adjusted to 300 μL/min. The method development and data treatment was achieved using Xcalibur software (Thermo Scientific).

Thermo LTQ Velos Orbitrap mass spectrometer (Thermo Scientific, Pittsburgh, PA, USA) fitted with a heated electrospray ion source (ESI) was carried out to analyze the BLVP. The mass scan range was set to 100--2000 *m*/*z*, with a resolving capacity of 100 000. The *m*/*z* calibration of the LTQ-Orbitrap analyzer was carried out in the positive ESI mode using a solution containing caffeine, MRFA (met-arg-phe-ala) peptide, and Ultramark 1621 according to the manufacturer's guidelines. A heated ion source, fitted with a metal needle and maintained at 4.5 kV, was used to perform the ESI. The source vaporizer temperature was regulated to 120 °C, the declustering potential was set to 50 V, the capillary temperature was set at 275 °C, and the sheath and auxiliary gases (N~2~) were optimized and set to 8 arbitrary units, respectively.

4.10. Matrix-Assisted Laser Desorption Time-Of-Flight Mass Spectrometry (MALDI-TOF MS) {#sec4.10}
--------------------------------------------------------------------------------------

The matrix was prepared by dissolving 5 mg of 2,5-dihydroxybenzoic acid (Matrix) in 1 mL of 50% (v/v) methanol solution. The hydrolyzed sample and the native polysaccharide BLVP were separately mixed with the Matrix and deposited on the MALDI plate and then dried before analysis.

After air drying, the sample/matrix mixtures were analyzed by the MALDI-TOF-MS Bruker Daltonics Autoflex, equipped with a 337 nm nitrogen laser (Bruker, Germany), in positive and negative ion modes, scanning from 0 to 10,000 *m*/*z*.

4.11. Anticoagulant Activity {#sec4.11}
----------------------------

The anticoagulant activities of extracted polysaccharide BLVP were measured at concentrations ranging from 1 to 100 μg/mL by the classical coagulation assays APTT and TT. Sodium heparin (25,000 UI/5 mL) was used as a reference, and analysis was performed on the STAR analyzer. The platelet-poor plasma PPP was collected by centrifugation at 1200*g* for 12 min of the platelet-rich plasma, which was recuperated after centrifugation for 15 min at 120 g of blood from ten healthy human volunteers collected on sodium citrate.

aPTT was performed as follows: 50 μL of PPP in the absence or the presence of the sample was mixed with 50 μL of the APTT assay reagent, and after 3 min of incubation at 37 °C, 50 μL of CaCl~2~ 0.025 M was added and the time of coagulation was measured. For TT, 50 μL of PPP with or without the sample was prewarmed for 2 min at 37 °C and the clotting time was recorded after the addition of 100 μL of thrombin.
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